24
Abstract: 25 Background: New sensitive techniques have revealed a large population of bacteria in the human urinary tract, 26 challenging the perception of the urine of healthy humans being sterile. While the role of this urinary microbiota 27 is unknown, dysbiosis has been linked to disorders like urgency urinary incontinence and interstitial cystitis.
28
When comparing studies it is crucial to account for possible confounders introduced due to methodological 29 differences. Here we investigated whether storage condition or time of collection, had any impact on the urinary 30 microbial composition.
31
Results: For comparison of different storage conditions, urine was collected from five healthy adult female 32 donors, and analyzed by 16S rRNA gene sequencing. Using the same methods, the daily or day-to-day variation 33 in urinary microbiota was investigated in nineteen healthy donors, including four women, five men, five girls, 34 and five boys. With the exception of two male adult donors, none of the tested conditions gave rise to significant 35 differences in alpha and beta diversities between individuals. Conclusion: The composition of the urinary 36 microbiota was found to be highly resilient to changes introduced by storage temperature and duration. In 37 addition, we did not observe any intrapersonal daily or day-to-day variations in microbiota composition in 38 women, girls or boys.
39
Together our study supports flexibility in study design, when conducting urinary microbiota studies.
41
Author summary 42 The discovery of bacteria native to the urinary tract in healthy people, a location previously believed to be sterile, 43 has prompted research into the clinical potential of these bacteria. However, methodological weaknesses can 44 significantly influence such studies, and thus development of robust techniques for investigating these bacteria day-to-day variations.
48
Firstly, we found, that the bacterial composition of urine could be maintained by storage at -80 °C, -20 °C, or 49 refrigerated at 4 °C. Secondly, the bacterial composition of urine remained stable over time. Overall, the results 50 of this study provide information important to study design in future investigations into the clinical implications 51 of urinary bacteria. 
Results

89
Different storage conditions do not critically affect bacterial composition 90 Due to the risk of DNA degradation or bacterial growth, the ideal sampling strategy for urine microbiota analyses 91 would be to purify DNA immediately following urination, or to transfer the urine samples directly to -80 °C or 5 92 colder. This is however not always possible or practical in a clinical setting, or when utilizing self-sampling at the 93 home of the study participants. We therefore tested if storage of urine at different sub-optimal temperatures, 94 altered the microbiota composition compared to a freshly processed sample. For this purpose, urine was 95 collected from five healthy donors. Each urine sample was subsequently divided and stored according to one of 96 the seven combinations of temperatures and times (Fig 1) . OTUs and therefore showed insufficient sequencing coverage ( Fig 3A) . Consequently, three samples were 106 removed. Four samples were furthermore discarded based on poor duplicate comparison ( Fig 3B and 3C ), 107 probably caused by background contamination due to low-biomass samples. This led to a total of 63 samples 108 being included in the following analyses.
109
Different storage conditions did not result in significant differences in alpha diversity metrics, including OTU 110 richness ( Fig 4A) and Shannon diversity ( Fig 4B) . This indicated that bacterial growth was limited. Interestingly, 111 when looking at beta diversity it appears that variations between storage conditions are minor compared to 112 interpersonal variations ( Fig 5) . This supports, therefore the validity of using other storage conditions, for urine 113 microbiota analyses, than normal gold standard conditions. 114 6 115 Urine microbiota composition is independent of daily and day-to-day variation 116 First morning urine is often more concentrated than subsequent urine samples throughout the day, while 117 differences in daily routines (e.g. sleep rhythm, diet, sexual activity or exercise) may introduce variations during 118 the day. We therefore speculated that morning urine could contain higher bacterial loads, and possibly a 119 different bacterial composition than urine collected in the evening. To test this hypothesis, we compared urine 120 samples collected in the morning and evening on two independent days from 19 healthy donors (4 women, 5 121 men, 5 girls, and 5 boys). Following DNA extraction, the resulting DNA yield ranged from <2 to 218.25 ng per mL 122 urine. Importantly, DNA yield did not differ based on within day or day-to-day (data not shown). 
157
For samples collected in the home of participants, we observed that a relatively high number of these were 158 excluded due to low DNA yield following the initial PCR during library preparation. Importantly, the samples were 159 not excluded due to lack of high quality sequencing reads, but merely because background contamination could 160 not be ruled out. We have not encountered any urinary microbiota studies that describe exclusion of samples 8 161 based on background cut-off levels, which leaves the risk of misinterpretation of urinary bacterial loads or 162 profiles.
163
Importantly, we found that the urinary microbiota composition remained stable across different time points.
164
While microbiota resilience over time has previously been reported in the gut and saliva microbiota [35] , this is, 165 to our knowledge, the first study to demonstrate this for the urinary microbiota. This resilience alleviates 166 concerns about timing of urine collection in future studies investigating the urinary microbiota.
168
Our study suffers from certain limitations. The experiments on the day-to-day and daily variations depended on 169 self-sampling by the study participants in their homes, and are thereby performed in a less controlled 170 environment. This can also be considered as a study strength, since home sampling is an often-used collection 171 method in clinical experiments [36, 37] . In fact, we show that the urinary microbiota is stable despite the use of 172 home sampling. Only in two men did we observe inconsistency between morning/evening and 173 weekday/weekend samples. This could be due to biologically relevant fluctuations in microbiota compositions 174 or, more likely, due to contamination from vaginal microbiota of their partner through intercourse prior to urine 175 sampling. In particular, we observe that aberrant microbiota profiles of these men showed similarities to the 176 microbiota profiles of women (e.g. higher relative abundances of Lactobacillus). We did not collect data on sexual 177 activity of the participants, which may be considered a potential confounding factor. Another limitation is the 178 large amount of samples that were excluded due to first PCR DNA levels below cut-off values. Whether this fall-179 out of samples is due to technical issues, e.g. DNA degradation or presence of PCR inhibitors, or due to biological 180 differences in urinary bacterial loads between individuals, is unknown. The latter may be the case since we 181 observed that a very high proportion of samples from men (65 %) did not reach above cut-off levels, indicating 182 that only very little bacterial DNA can be isolated from adult male urine samples. In comparison, none of the 9 183 samples from women were discarded, 40 % from girls, and 30 % from boys. Our sample size is however too small 184 to make any solid conclusions on age and gender differences in bacterial loads.
186
The strengths of this study are numerous. We have used a very systematic and structured approach with a 187 relatively large number of participants. Importantly, when evaluating the day-to-day or daily variation, we 188 included study participants of different gender and age. This was to take into account whether there could be 189 differences in time-dependent stability of different core microbiotas. Our data showed that, with the exception 190 of two men, the urinary microbiota was stable regardless of gender and age. Finally, we take into account that 191 very low levels of bacterial contamination may result in false positive samples, leading to misinterpretation of 192 true microbiota profiles. 195 In conclusion, we showed that the urinary microbiota is stable over time, and that sub-optimal temperatures for 196 urine storage may be used. We recommend, however, that samples be transferred to -80 °C as quickly as possible 197 after collection, to avoid loss of the already limited DNA in urine samples. In addition, we highly recommend that 
194
Conclusion
Study participants and urine collection 207
In total, 25 healthy volunteers, without symptoms from the bladder (based on self-reporting in a questionnaire 208 prior to study participation) or intake of any antibiotics within the past 3 months, were included into this study.
209
Furthermore, in cases where medicine or hormonal contraceptives were used, these should be taken within the 210 same period on all study days. Use of non-prescription painkillers was not accepted for up to 24 hours prior to 211 urine collection. In addition, the study participants were instructed to avoid urine collection during menstruation, 212 and pregnant women were not included into the study. The identity of all donors was anonymous and no 213 personal data was registered, besides the sex and age interval of which they belonged to. For the initial study on 214 different storage conditions, 5 women were recruited, and for the following study on daily or day-to-day 215 variations, 20 participants were recruited encompassing 5 men (18-50 years), 5 women (18-50 years), 5 boys (5-216 10 years), and 5 girls (5-10 years). One woman was however excluded from the latter of the two studies, due to 217 incorrect storage of the collected urine sample, leaving 19 participants in total.
218
For the study on storage conditions, urine was collected at the laboratory by the clean catch method. Samples 219 were immediately aliquoted in tubes with 10 mL urine and transferred to the specified storage conditions as 220 summarized in Fig 1, or subjected directly to DNA extraction (RT sample). All conditions were tested in duplicates 221 (two aliquots from each urine sample). For samples stored at -20 °C, a freezer corresponding to a domestic 222 freezer was used to mimic a home collection situation. All samples were finally collectively stored at -80 °C, to 223 rule out bias due to differences in low temperature exposure, until further processing.
224
For the study on daily or day-to-day variations, the participants collected urine at home by the clean catch 225 method, and urine samples were immediately transferred to -20 °C domestic freezers. 
Figure legends
